This paper describes the development and implementation of a hand exercise intervention for rheumatoid arthritis (RA) as part of a large multi-centred randomised controlled trial in a UK National Health Service (NHS) setting. Participants are eligible if diagnosed with RA according to American College of Rheumatology criteria, have a history of disease activity, functional deficit or impairment in the hand and/or wrist, and have been on a stable medication regime for at least 3 months. The intervention development was informed by the current evidence base, published guidelines, clinician and expert opinion, and a pilot study. The exercise programme targets known, potentially modifiable physical impairments of the hand with 5 exercise sessions and a home exercise component over a 12 week period. The intervention will be provided to 240 participants along with usual care. A further 240 will receive usual care only as part of the control arm. Specific details of the treatments delivered are described. [ISRCTN no: 89936343].
Introduction
There is evidence suggesting that exercise improves general muscular endurance and strength without detrimental effects on disease activity or pain in rheumatoid arthritis [1] . However, few studies have investigated the effect of exercises for the rheumatoid hand. Some improvement in strength, mobility and/or function with no negative effects have been reported [2] [3] [4] [5] [6] [7] , although the long term effectiveness has not been established due to various weaknesses in trial design.
In 2007, the National Institute of Health Research Health Technology Assessment (NIHR HTA) programme commissioned a large-scale pragmatic randomised controlled trial to investigate the clinical and cost-effectiveness of an exercise programme for the management of rheumatoid arthritis of the hand. A trial of any complex intervention should include a description of the intervention and its components as an essential step of reporting [8] . Therefore, the purpose of this paper is to describe the experimental intervention used in the SARAH trial, as well as the rationale for the intervention design.
Overview of the SARAH trial
We have designed and initiated recruitment to a trial [ an exercise intervention against the usual hand care typically provided in the UK NHS. Participants are eligible if diagnosed with rheumatoid arthritis according to American College of Rheumatology criteria [9] , have a history of disease activity, functional deficit or impairment in the hand and/or wrist, and have been on a stable medication regime for at least 3 months. By the end of the trial, 480 patients will have been recruited making it the largest study of hand exercise for rheumatoid arthritis (Fig. 1 ). Patients will be randomised on a 1:1 ratio into two arms: usual care only (control) or usual care plus exercise (experimental). The main aim of the exercise programme is increased hand function, which is suggested to be mediated by increases in strength, dexterity and range-ofmovement [10] [11] [12] . Accordingly, the primary outcome of the trial is self-reported hand function as measured by the Michigan Hand Outcome Questionnaire (MHQ), with secondary outcomes including grip strength, joint range-of-motion and dexterity. Measures will be taken prior to randomisation and at 4 and 12 months after randomisation by blinded assessors.
Development of the SARAH intervention
The initial design of the SARAH intervention was based on a small published study [4] . The final intervention drew together several strands of evidence, current guidelines, expert and patient opinion, and physiological and theoretical considerations. Subsequent testing took place during a pilot study in which sixteen subjects received a specific hand exercise programme in addition to usual NHS care. The intervention and rationale were documented in a manual prior to the launch of the main randomised controlled trial, in accordance with the principles of the MRC guidance for complex interventions [8] .
Clinical guidelines
Current UK guidelines for the management of rheumatoid arthritis [13] recommend that access to physiotherapists and occupational therapists should be offered to all people with rheumatoid arthritis to assess the impact and treat the consequences of the condition. Treatment provided by occupational therapists and/or physiotherapists can involve a variety of modalities. These include joint protection advice, electrotherapy, exercise, assistive devices, splints, heat and joint mobilisation. Hence, current treatment is a balance between the provision of strategies to support and protect joints (including symptomatic relief) and exercise to improve strength, maintain flexibility and increase functional ability.
Evidence base
A systematic review of the literature was performed to establish the evidence base for exercise in rheumatoid arthritis. This encompassed general exercise programmes designed for the whole body as well as those specifically addressing the hand and upper limb. Exercise programmes from those studies that described the actual intervention in detail were also evaluated as part of designing the final SARAH intervention protocol.
General exercise
There have been a number of studies investigating the effects of various types of exercise on different aspects of the patient experience, the majority reporting beneficial responses [14] . Almost all have involved general or 'whole' body programmes focussing on aerobic fitness, strengthening and/or active range-of-movement.
In the past, issues of disease activity and potential irritation of symptoms led to a certain degree of caution in exercise prescription for sufferers of rheumatoid arthritis. Current evidence suggests that exercise does not appear to have a negative impact on the disease process and may in fact be beneficial [1] , including for the small joints of the hands and feet [15] . It should be noted that these studies were not specific to the hands; rather the hands were used during general upper limb exercise activity.
Specific hand exercise
Very few studies have specifically investigated the effect of exercises for the rheumatoid hand. A systematic review in 2004 [16] found only nine studies of sufficient quality from which no definite conclusions could be reached due to the different designs, outcome measures and exercises utilised. These findings were reinforced in a similar review [17] which concluded that evidence was lacking as to the effectiveness of shoulder and hand strengthening exercises. Of the few hand studies that do exist, only six reported the exercises used in their programmes ( Table 1) .
The small number of trials investigating exercise for rheumatoid hands do not describe any significant detrimental effect resulting from exercise. Of the six studies reviewed previously, none revealed any negative events; if anything there was a tendency for some measures of disease activity to improve even with intensive exercise [2] [3] [4] [5] [6] [7] .
Theoretical and physiological considerations
Strength. Weakness associated with rheumatoid arthritis is well documented with reports of patients having an average of 40% of normal power and pinch grip compared to normal scores within six months of diagnosis [18] . The mechanisms behind this are thought to be due in part to 'rheumatoid cachexia' (loss of cell mass and destruction of muscle architecture due to the autoimmune, catabolic nature of the condition) as well as disuse atrophy of muscle [19] . This loss of muscle tissue is of particular concern considering the importance of muscle strength and power to provide movement as well as joint stability and protection.
Unfortunately, the literature provides little detail concerning exercise protocols, especially with regard to strengthening. Of the studies examining exercise in rheumatoid hands, only two [4, 6] described the loads used although no mention was made of load progression by these or any other trial. The volume of exercise varied according to the different regimes ranging from one set of three repetitions up to a maximum of one set of twenty repetitions. These were performed anywhere between five-times-a-week to twice-aday.
Accepted principles of exercise physiology conclude that an increase in strength requires a sufficient training stimulus, in the form of volume and intensity, in accordance with the principle of overload. This can be altered by manipulation of frequency, load, number of sets and repetitions, and rest intervals [20] . If the effects of muscle atrophy are to be countered then muscles have to work at an appropriate intensity and with sufficient volume [21] to induce muscle hypertrophy. Other important aspects include duration of programme, specificity of exercises and individualisation (i.e. adjusting the programme to suit each participant). Depending on response and duration of the programme, progression is required to maintain improvement and prevent plateauing or potential reversal of training effects.
Mobility. People with RA often experience joint restrictions, including of the elbow and shoulder, making it difficult to place the hand into positions for efficient function. Therefore, we considered it important to maintain range-of-movement in all the upper limb joints. Also, the tendon sheaths of patients are prone to adhesions. Specific 'tendon gliding' exercises for the hand have been developed that target combined movements of the fingers to maintain full mobility of the flexor and extensor tendons [22] . However, evidence to support other range-of-movement exercises is mixed, with some studies suggesting no change [4] [5] [6] while two others reported some improvement or decline in the speed at which movement is lost [2, 3] . There is no evidence that range-of-movement exercise causes harm and, given its importance in satisfactory functioning of the hand, specific mobility exercises for the upper limb were included in the experimental intervention developed for the SARAH trial.
Adherence. Adherence with any exercise programme is vital to ensure the dosage required to strengthen muscle and improve flexibility is achieved. Previous studies have indicated a dose-response between those patients who are adherent to prescribed exercise and improvement in strength and pain in arthritis [23, 24] . It is especially important in the context of the SARAH trial as participants are required to perform the programme at home in between sessions in order to provide a sufficient dose for physiological change to occur.
Unfortunately, patient adherence with home treatment programmes is typically low [25] . We aim to maximise adherence to the prescribed exercise regimen by incorporating evidence-based strategies that have been recommended for routine use by health professionals to promote patient behaviour change [26] . This involves a two-stage mechanism concerned with increasing the intention to adhere to the exercise regimen, along with enabling the translation of this behavioural intention into actual behaviour.
In collaboration with the therapist, participants will set a hand-related functional goal that is specific, measurable, attainable, realistic and timely (i.e. SMART), and for which an exercise regimen is prescribed. A minimum level of selfefficacy for the exercise regimen is set [26] and, if necessary, we have developed collaborative activities to identify barriers to and facilitators of exercise behaviour. Behaviour is more likely to be performed to the extent that people believe they are able to perform the behaviour, and if the behaviour is perceived as linked to a personally relevant goal [27] .
The intention to perform a behaviour accounts for no more than about 25% of the variance in actual behaviour [28] . In order to translate behavioural intention into action, Gollwitzer's concept of implementation intentions [29] is used. Implementation intentions link situational cues (i.e. good opportunities to act) with behavioural responses (i.e. prescribed exercise) that are effective in attaining desired outcomes (i.e. goals). Participants will be asked to specify when and where (i.e. situation) they will perform the prescribed exercise regimen, and to put this in writing, such that the implementation intention can be formed as 'when situation Y is encountered, then I will initiate behaviour Z in order to reach goal X'. Implementation intentions have been shown to be effective in promoting the initiation of goalrelated behaviour, and in sustaining such behaviour through the shielding of ongoing goal pursuit from unwanted influences [30] .
Adherence is further supported through the use of exercise diaries, in which participants will record their performance of prescribed exercises. In addition to informing the need to modify prescribed exercise, diaries promote important behaviour change techniques, including immediate feedback and self-monitoring [31] .
Expert opinion
A crucial part of the development programme was the advice received by clinicians and other experts, including patient groups. Most notably, a consensus meeting was held with specialist hand therapists from across England to gain further understanding of normal practice within typical NHS clinics and to assist in the design of the exercise intervention. The result of this discussion was a standardised protocol for usual care. Agreement was also reached as to what would constitute an effective and practical exercise programme for the hand and upper limb. It needed to be feasible to perform within NHS hand therapy clinics taking into account normal appointment duration and commonly available rehabilitation materials. A list of upper limb exercises described in the literature, along with others proposed by various hand therapists, were examined in detail and decisions made as to which of these were the most important to include in a programme specifically designed for rheumatoid arthritis. The selection was based on clinical relevance, a desire to include all functionally relevant movements/muscle actions of the hand and wrist, avoiding replication and convenience/duration issues, especially with regard to the home exercise component. Initial load and volume, as well as progression and regression strategies were also agreed.
Pilot study
Sixteen participants were recruited to a pilot of the experimental arm of the trial. Of these, five were interviewed following their treatment to provide detailed feedback. Patient materials, exercise instructions and some trial procedures were modified following recommendations from therapists and patients as well as observations made by the trial team.
The SARAH intervention
The intervention is being delivered by UK-registered occupational therapists and/or physiotherapists with expertise in rheumatology and hand rehabilitation. In order to standardise the treatment provided, all therapists attended a training session (maximum of 4 hours depending on group size), including a practical element, where they were instructed in how to treat participants according to the trial protocol. Therapists were provided with treatment manuals which comprehensively described the interventions, including a session-by-session guide. None of the proposed interventions were beyond the scope of normal therapy practice.
The interventions are delivered within individual sessions with a hand therapist at typical NHS therapy outpatient clinics. All therapists are NHS employees who are treating trial participants alongside their normal caseload. In most centres, therapists deliver both the usual care components and the exercise programme to participants. Other centres have split this role so that one therapist provides usual care while another conducts the exercise sessions. Quality control visits will be performed to ensure adherence with intervention protocols. All treatments provided during each session are recorded in a detailed log.
All sessions for both arms of the trial are to be completed in 12 weeks after which the patient is discharged. Patients receiving the experimental intervention are encouraged to continue with their programmes at home.
Control arm -usual care only
The control arm (Table 2) consists of between one and three sessions involving a maximum of 90 minutes of contact time in total. Treatment includes an initial assessment and the provision of joint protection information, splinting, assistive devices and other general advice as required. Commonly available booklets from Arthritis Research UK are provided to reinforce information [32] [33] [34] . In order to evaluate the effects of exercise, participants in the control arm are not prescribed any specific exercises for the upper limb. Apart from this, the content of the control arm is Usual care only (control) Assessment and advice Subjective history taking including problems with ADLs/work etc.
Usual care + exercise (experimental) Assessment and advice Subjective history taking including problems with ADLs/work etc.
Load selected for resistance exercises - consistent with usual care according to surveys of current practice [35, 36] and discussions with specialist hand therapists.
Experimental arm -hand exercise plus usual care
The experimental arm (Table 2) consists of the usual care described above plus a hand and wrist exercise programme (Fig. 2) which includes seven mobility exercises and four strength exercises against resistance (i.e. therapy putty, theraband or hand exerciser balls).
A modified Borg scale (Fig. 3 ) is used to set the load (resistance) for the strength exercises based on self-perception of effort. This 10 point version of the original Rate of Perceived Exertion (RPE) scale [37] has been validated for use in regulating the intensity of resistance exercise [38] . For each strength exercise, the level of resistance is determined by the subjects' rating of perceived effort using the weaker hand. This is in order to avoid overloading the more affected side. The load is purposefully set at a moderate level initially (3 to 4 on the scale) to permit subsequent progression, enhance motivation and adherence and reduce the possibility of 'flare-ups'.
Although initial guidelines as to sets and repetitions (volume) of exercise are provided (Table 3) , the programme is tailored to the abilities of the participant. If necessary, the manner of executing a particular exercise can also be Step 1: Increase up to 10 repetitio ns
Step 2: Increase up to 10 second hol ds Step 1: 2 x 10 re petitions
Step 2: 4 -5 on Borg Scale
Step 3: 5 -6 on Borg Scale
Step 4: 3 x 10 re petitions Gross gri p Fing er ad duc tio n Pinch grip modified. For example, joint restrictions may prevent the degree of movement described in a particular exercise, in which case the participant achieves as much movement as possible within their available range of motion. The overriding goal is for the participant to get as close as possible to performing the exercise in an ideal manner at a volume and load that is achievable while still providing a stimulus for physiological change. A defined protocol for both strength and range-of-movement exercise progression (or regression) is provided for subsequent sessions according to both patient capability and therapist judgement ( Table 3) .
The experimental intervention involves a total of six sessions, of which the last five are exercise sessions. Participants are provided with an exercise booklet with pictures and instructions describing the programme as well as the resistance materials required. They are asked to perform the programme daily at home between clinic sessions.
adapted from Borg (1982) . 
Adherence
Exercise diary. At each exercise session, participants are provided with a diary sheet to record completion of the exercise programme during the appointment and for subsequent days until the next session. This serves various purposes:
(1) a reminder to perform the exercise programme daily, especially as the participant is aware that the therapist will be reviewing it at the next session; (2) a means of gauging adherence to the programme; (3) a method of initiating discussion regarding success (or lack of) in the performance of the programme since the last appointment; (4) an aid in deciding on progression/regression of exercise programme.
There is evidence to suggest that the use of an exercise diary improves adherence to a home exercise programme, especially when the participant is aware that programme performance will be monitored [39] .
Goal setting and patient contract. At the end of the first exercise session, a goal setting exercise is undertaken with the participant stating both what they are aiming to achieve as well as how they plan to achieve it. The aim is to increase compliance by attempting to strengthen the intention and motivation to perform the exercise programme and using action plans to convert this into actual behaviour.
Goals and action plans are recorded and signed-off by both the therapist and participant. Both participant and therapist keep a copy of the form which is reviewed, along with the exercise diary, at each exercise session.
Conclusion
This paper has presented the development of a therapy intervention for the management of hand dysfunction in rheumatoid arthritis which is currently being evaluated as part of a multi-centre randomised controlled trial. The effectiveness of a specific hand and upper limb exercise programme in comparison with usual care will be reported at the conclusion of the trial.
